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(57) Abstract : 

PURPOSE: To automatically set a predetermined laser output power by 
providing a means for monitoring a power supplied to a diode, and a 
means for controlling a means for branching the power by detour ing a 
laser diode. 

CONSTITUTION: An automatic power control circuit senses a drop of a 
laser power, and increases a laser current. Laser output efficiency is 
lowered by a temperature rise. When an increased current further raises 
the temperature, efficiencies of both a laser diode 1 and a back facet 



photodiode 2 are further lowered. A laser overpower detector 13 senses 
it when a laser power exceeds a limit less than a maximum operation 
power of the preset laser diode 1. When the overpower state occurs, a 
digital signal 23 is set to a low. Thus, a cross bus switch 14 is 
operated to effectively protect the diode 1 against arrival at a power 
level for causing a damage and a reason of a fault. 
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CLAIMS 
[Claim(s) ] 

[Claim 1] The laser diode which generates a laser beam output in laser 
image equipment (l), The electric power supply means (130) and (4) which 



supply power to said laser diode, The shunt pathway means toward which 
bypass said laser diode and power is made to shunt (14), A modulation 
means to modulate said laser diode with a picture signal (12), The laser 
beam output monitor means which carries out the monitor of the laser 
beam output of said laser diode (13), The temperature monitor means 
which carries out the monitor of the temperature of said laser diode (1) 

(15) , The electric power supply monitor means which carries out the 
monitor of the power supplied to said diode (16), The control means 
which controls said splitting means (14) in order to bypass said laser 
diode (1) and to make power shunt is included. Said control means a) The 
overlaser output signal generated by said laser beam output monitor 
means (13) when it is detected that said laser beam from said laser 
diode (l) exceeded predetermined maximum, b) The laser abnormal 
temperature signal generated by said temperature monitor means (15) when 
it is detected that the temperature of said laser diode (l) is lower 
than a predetermined temperature requirement, or high, c) when it is 
detected that the power supplied to said laser diode (l) by said 
electric power supply means is lower than the predetermined electrical- 
potential-difference value range, or high Equipment characterized by 
answering one or the signal beyond it in the overpower signal or power- 
failure signal generated by said electric power supply monitor means 

(16) , and **, and performing splitting control. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the laser diode 
automatic power control circuit which has a means to protect a laser 



diode from the transient-voltage spike in an excessive power and 
elevated-temperature condition or a low-temperature condition, a power- 
up condition, and a powered down state, or a transient-current spike in 
a detail more about a laser diode generally. 
[0002] 

[Description of the Prior Art] The laser diode was often used as the 
light source in various optical applications. For example, in the field 
of laser printing, a laser beam converges with a lens and is scanned on 
a photosensitive medium like a film. A laser diode is controlled by the 
digital data often memorized by the computer. Image quality improves by 
forming an image by the pixel which has different gray gradation, and 
forming a continuous tone image on a film. A continuous tone radiography 
laser beam printer is an example for which the laser diode is used, in 
order to expose the film for photography to the electronic image 
generated by medical image methods, such as a computed tomography, 
magnetic resonance imaging, digital subtraction angiography, and 
echography. 

[0003] The problem in a laser diode is that linearity does not have the 
radiant power output of the laser diode which is a semi-conductor in the 
whole operating range, the curve generated more in a detail as shown in 
drawing 11 (typical graph of the optical output P of the laser diode as 
a function of Current I) — the nonlinear active region of a low — 
having — the field — knee field (knee region) from — the optical 
output is connected to the high-level active region which changes 
linearly as a function of an input signal value. A straight-line field 
is known as a rhe JINGU field, and the nonlinear low field is known as a 
luminescence field or a spontaneous emmision field. A curve is the 
optical power output Pd which carries out (1) generation. Current Id 0 
which changes in nonlinear with change, and knee current Ik The low 
field and (2) optical power output of a between are Current Id. The 2nd 
high field which changes linearly is included with change. The nonlinear 
field is unsuitable for answering image input signal level and 
generating a continuous tone image. For this reason, the laser output 
range is limited to a straight-line active region. Therefore, it is 
common to operate a laser diode above the fixed current level called a 
threshold current. 

[0004] U.S. Pat. No. 4,507,767 is indicating the optical disk unit 
including the protection network of semiconductor laser and 
juxtaposition including a laser diode as the light source. When, as for 
this protection network, the monitor signal corresponding to the optical 
output of semiconductor laser exceeds a default, two terminals will be 



in a short circuit condition. However, the approach of protecting a 
semiconductor laser diode is not indicated by this patent to the 
electrical-potential-difference spike at the time of low temperature, an 
elevated-temperature condition or power-up, and power down, and the 
current spike. 

[0005] U.S. Pat. No. 4,872,080 is indicating the protection network for 
semiconductor laser to which an exciting current is made to supply by 
the current generating circuit. This protection network is energized by 
the limit circuit which operates in cooperation with the transducer by 
which an output is controlled by the laser beam, and a transducer, and 
the limit circuit, and contains semiconductor laser and the current 
shunt pathway switched to juxtaposition. If permission luminescence 
power is reached, an excessive exciting current will be shunted toward a 
shunt pathway. However, there is no indication of the approach of 
protecting a laser diode from others, an elevated temperature, or a low- 
temperature condition in this patent. [ trouble / the ] 
[0006] U.S. Pat. No. 4,791,636 is indicating the semiconductor laser 
which consists of laser oscillating optical waveguide, the regulatory 
region in which laser oscillating optical waveguide has the operation 
which absorbs light, and the main field with the operation which 
vibrates a laser beam — since — it changes. The ratio to all the 
currents introduced into the laser equipment of the current to which 
this laser equipment flows to regulatory region with this splitting 
means including a splitting means is set up according to a fixed 
algorithm. 

[0007] U.S. Pat. No. 4,074,334 is indicating the protective device which 
restricts the flow of a current with a power transistor. When collector 
current and a collector emitter electrical potential difference exceed 
selected current / electrical-potential-difference curve, a non- 
conductive splitting transistor will be in operating state, and usually 
carries out splitting of the current around a power transistor. The 
monitoring of an elevated temperature or a low-temperature condition is 
not indicated by this patent. 

[0008] Although the following United States patents are indicating 
various laser diode control techniques, these do not fully cancel the 
automatic power control of a laser diode, and the technical problem of 
protection of a laser diode. U.S. Pat. No. 5,019,769, U.S. 
authorization-by-law invention registration H322 No. , U. S. Pat. No. 
4,890,288, U.S. Pat. No. 4,501,022, U.S. Pat. No. 4,612,671. 
[0009] 

[Problem(s) to be Solved by the Invention] A technical problem is to set 



up and maintain fixed laser output power automatically. 

[0010] Other technical problems are protecting a laser diode from the 

transient-voltage spike in excessive power, an elevated temperature and 

low temperature, a power-up condition, and a powered down state, and a 

transient-current spike. 

[0011] 

[Means for Solving the Problem and its Function] According to this 
invention, the automatic power control of a laser diode and the trouble 
of the conventional technique relevant to protection are solvable. This 
invention includes a means to protect a laser diode, from a transient- 
voltage spike [ in / in a laser diode automatic power control circuit / 
an excessive power condition, an elevated temperature and a low- 
temperature condition, a power-up condition, and a powered down state ], 
and a transient-current spike. The laser diode with which the laser 
image equipment of this invention generates a laser beam output, An 
electric power supply means to supply power to said laser diode, and the 
shunt pathway means which bypasses said laser diode and carries out 
splitting of the power, The laser beam output monitor means which 
carries out the monitor of the laser beam output of said laser diode, 
The temperature monitor means which carries out the monitor of the 
temperature of said laser diode, and the electric power supply monitor 
which carries out the monitor of the electric power supply which drives 
said laser diode, In order to answer the signal beyond following one or 
it and to carry out splitting of the power around said laser diode, the 
control means which controls said splitting means is included. Here the 
a aforementioned laser beam output monitor means The laser beam 
exceeding the predetermined maximum level of said laser diode is 
detected, and an overlaser output signal is outputted. The b 
aforementioned temperature monitor means It detects whether the 
temperature of said laser diode is lower than a predetermined 
temperature requirement or high, and a laser abnormal temperature signal 
is outputted. The c aforementioned electric power supply monitor means 
With said electric power supply means, the power supplied to said laser 
diode detects whether it is lower than the predetermined electrical- 
potential-difference value range or high, and outputs an overpower 
signal or a power-failure signal. 

[0012] By the equipment of this invention, fixed laser output power is 
set up and maintained automatically, and it becomes possible from the 
transient-voltage spike in an excessive output, an elevated temperature 
and low temperature, a power-up condition, and a powered down state, and 
a transient-current spike to protect a laser diode. 



[0013] 

[Example] First, drawing 12 is explained. The medical image system 
incorporating the example of this invention is shown in drawing 12 . As 
illustrated, the medical image system 110 contains the source of a 
digital medical use diagnostic image which is generated by the medical 
image method 112. The medical image methods 112 are image methods for a 
diagnosis, such as a computed tomography, magnetic resonance imaging, 
echography, digital subtraction angiography, and a nuclear medicine 
procedure. A digital image is generable also from a storage fluorescent 
substance, a digital X-ray photograph, a digital image archive, or a 
storage system. The image generated by the medical image method 112 is 
digitized, and is memorized by image storage / processor 114. A digital 
image is memorizable to the magnetic disk drive or the optical disk 
drive carried in image storage / processor 114. A digital image can be 
processed also by the technique of common knowledge, such as window 
width level, gradation adjustment (tonal gradation), interpolation, and 
edge enhancement. 

[0014] The laser diode 118 controlled by the laser control circuit 120 
concerning this invention is used, and the hard copy of a digital image 
is generated on the photosensitive medium 116. The laser beam 122 
generated with a laser diode 118 is orthopedically operated using scan 
optical equipment 124, and subsequently the photosensitive medium 116 
top is scanned, for example, a digital image is generated on the 
photosensitive media 116, such as a film and paper. The photosensitive 
medium 116 is processed and a fixed image is generated. 
[0015] The medical image system 110 contains a system controller 126. A 
system controller 126 is a microprocessor and controls image storage / 
processor 114, the laser control circuit 120, a laser diode 118, and 
scan optical equipment 124. 

[0016] The example of this invention is explained using drawing 1 . The 
description of this invention is setting up and maintaining fixed laser 
output power, and protecting a laser diode. An output unit 1 is a 
semiconductor laser diode. The monitor of the laser output power is 
carried out by the back facet photo diode 2 which carries out the 
monitor of the power of the back facet (back facet) of a laser diode 1. 
The monitor of the temperature of a laser diode 1 is carried out with 
the thermistor 3 built into the hybrid. 

[0017] The current of a laser diode 1 is generated from the armature- 
voltage control current source 4. The input voltage which controls the 
armature-voltage control current source 4 is generated from a summing 
amplifier (amp) 5. As for a summing amplifier 5, the signal from the 



transimpedance amplifier 6, 7, and 11 is inputted. The transimpedance 
amplifier 6 transforms the current output of the back facet photo diode 
2 into an electrical potential difference. The transimpedance amplifier 
7 transforms the current output of threshold level DAC 8 (threshold 
level digital-to-analog-conversion machine) into an electrical potential 
difference. The transimpedance amplifier 11 transforms the current 
output of a linear DAC 12 (linear digital-to-analog converter) into an 
electrical potential difference. 

[0018] Actuation of this circuit is started by automatic SURESSHORUDINGU 
which pulls up laser power to a threshold level automatically. 
[0019] As explained later, threshold level is not the same as that of 
what was decided by the manufacturer of a laser diode, and the laser 
power appearance force function dependency over a laser current is the 
level which becomes a straight line, an automatic threshold level 
sequence — a digital signal (LIN-THR-SEL) — 17 (linear threshold level 
mode selection) — yes, it carries out by it being alike and carrying 
out. By this, the increment of the threshold level clock which carries 
out the clock of the counter is carried out from 000 (hex) of initial 
value. These counters output 12 bit data 27 to threshold level DAC 8. 
Subsequently, this is changed into a voltage level by the transimpedance 
amplifier 7. an analog signal (THR DAC) — 20 is the output of the 
transimpedance amplifier 7 and is inputted into a summing amplifier 5. A 
summing amplifier 5 drives the armature-voltage control current source 4, 
and the armature-voltage control current source 4 absorbs the current 
from a laser diode 1. It stops that the threshold level detector 10 
carries out the monitor of the laser output power, and will make a 
digital signal (LAS AT THR) 22 into a low, and the threshold level clock 
counter circuit 9 will carry out the increment of the 12 bit data 27 if 
it reaches the laser threshold power set up beforehand. A laser diode 1 
will be set to the power level from which the laser appearance force 
function dependency over a laser current serves as a straight line if 
the level is exceeded. 

[0020] 12 bit data (LINEAR DAC) 18 control laser output power between 
threshold power and the maximum laser power. 12 bit data (LINEAR DAC) 18 
are inputted into a linear DAC 12. Subsequently, this is changed into a 
voltage level by the transimpedance amplifier 11. an analog signal (LIN 
DAC) — 21 is outputted from the transimpedance amplifier 11 and 
inputted into a summing amplifier 5. A summing amplifier 5 drives the 
armature-voltage control current source 4, and the armature-voltage 
control current source 4 absorbs the current from a laser diode 1. The 
overlaser power detector 13 carries out the monitor of the laser power 



(output), if the laser power set up beforehand is reached — a digital 
signal (LAS OVERPOWER) — a laser diode 1 is protected by carrying out 
splitting of the current temporarily, bypassing laser, as 23 made into a 
low and later explained in it. 

[0021] The negative feed back is used and the power output of a laser 
diode 1 is stabilized, this loop formation — a laser diode 1, the back 
facet photo diode 2, the transimpedance amplifier 6, a summing amplifier 
5, and the power control current source 4 — since — it changes. This 
feedback loop stabilizes a laser diode to fluctuation (change of the 
output photoelectrical force per unit current change) of laser slope 
effectiveness, and fluctuation of a laser threshold current (current 
from which laser becomes a single mode). Slope effectiveness and a 
threshold current change as a function of aging of a laser diode, and 
the temperature of laser, furthermore, the case where this loop 
formation is closed — an analog signal (THR DAC) — the response 
sensibility of the summing amplifier 5 to 20 and (LIN DAC) 21 is reduced. 
[0022] In drawing 1 , protection of a laser diode 1 is explained below, 
a transient-voltage spike [ in / in the purpose of the protection 
network concerning this invention / i excessive laser beam power 
condition, ii elevated temperature and a low-temperature condition, an 
iii power-up condition, and a powered down state ], or a transient- 
current spike — since — it is offering a means protecting a laser 
diode 1. 

[0023] Protection of a laser diode 1 is because fixed stage (period) 
reduction of the current which shunts a part of current which should be 
supplied to a laser diode 1, and flows a laser diode 1 with the low 
impedance switch 14 is carried out. In this example, a switch 14 is a 
field-effect transistor, for example, has channel resistance of less 
than 0. 5 ohms. Thus, about carrying out splitting of the current, it is 
a crowbar (crowbar) to a laser diode. It is said that it arranges. 
[0024] The electric power supply monitor 16 carries out the monitor of 
the power supply voltage. Automatic power control is adjusted by the 
power sequencer 130 so that it may explain later. The power sequencer 
130 is preceded with impression of forward power supply voltage, and 
impresses negative power supply voltage, and intercepts forward power 
supply voltage before cutoff of negative power supply voltage. Those 
impression or cutoff are performed when the change electrical potential 
difference (for example, 2 volts) as a difference of forward and 
negative power supply voltage is detected. By this, the electric power 
supply monitor 16 becomes carrying out the monitor of the forward power 
supply voltage. Before a laser drive circuit is fully energized and 



other advantages of power sequencing drive a current with a laser diode, 
they are that the crowbar switch 14 which is using only negative power 
supply voltage will be in operating state. A power-up reset circuit sets 
a digital signal (SLOW START) 25 as a low, and maintains the low for 
[ back / to which forward power supply voltage was impressed ] 1 second. 
By this, the crowbar switch 14 is simplistically operated among the both 
ends of a laser diode 1, and a laser diode 1 is certainly protected from 
the transient at the time of power-up. if forward power supply voltage 
falls from 12 volts of normal values (for example, 10%) — a digital 
signal (PWR RESET) — 26 is set as a low, operates the crowbar switch 14 
among the both ends of a laser diode 1, and protects a laser diode 1 
from the transient at the time of power down certainly. A power holding 
circuit maintains a crowbar switching circuit to operating state, and 
makes the splitting operation over the short (for example, for 1.4 
seconds) laser diode after power was removed from the circuit concerned. 
[0025] The laser diode temperature monitor 15 senses laser temperature 
using a thermistor 3. the centering on 25-degreeC temperature 
[ temperature ] window set up beforehand — being out of range (either 
an elevated temperature or low temperature) — if it becomes, a digital 
signal (LASER OUT TEMP) 24 will be set as a low, will operate the 
crowbar switch 14, and will protect a laser diode 1 from a temperature 
abnormal condition with an elevated temperature and possibility 
certainly. It is as follows when the protection does not exist. In case 
the temperature of the laser diode 1 by which accumulation mounting was 
carried out, and the back facet photo diode 2 rises, an abnormal 
condition occurs. Such a temperature rise reduces the effectiveness of 
the back facet photo diode 2, and, subsequently reduces the current 
output of the back facet photo diode 2. An automatic power control 
circuit senses this as a fall of laser power, and makes a laser current 
increase. Laser power efficiency makes the effectiveness of the both 
sides of a laser diode 1 and the back facet photo diode 2 fall further, 
when it falls by the temperature rise and the increased current raises 
temperature further. By this cycle of the abnormalities in temperature, 
damage is done to a laser diode 1 and it becomes the cause of failure. 
[0026] The overlaser power detector 13 senses this, when laser power 
exceeds the limit of under the maximum operating power of the laser 
diode 1 set up beforehand, if a fault power condition arises — a 
digital signal (LASER OVERPOWER) — 23 is made into a low. It protects 
certainly so that the crowbar switch 14 may be operated and the power 
level from which a laser diode 1 causes damage and failure may not be 
reached by this. 



[0027] The following is more detailed explanation about the automatic 
power control (APC) and the laser protection network of this invention. 
[0028] A laser diode 1 and back facet photo diode 2 laser diode 1 are 
laser diodes (5mW and 670nm). Compared with other diodes (for example, 
infrared laser diode), it is easy to be damaged according to a transient, 
and such diodes need a more elaborate protection method. 
[0029] The back facet photo diode 2 is accumulated by the laser diode 1, 
and the monitor of the optical output from the back facet of a laser 
diode 1 is carried out to it. 

[0030] The monitor of the temperature of thermistor 3 laser is carried 
out with a thermistor 3. As for a thermistor 3, being mounted in a 
hybrid is desirable. A thermistor 3 consists of three flat surfaces of 
thermistor ink. This ink flat surface is electrically in-series, and 
silk screening is carried out on the ceramic base using the thick-film 
hybrid technique. The thermistor is as in-series as a fixed register. 
This fixed register is used for reducing the total resistance to 5K. A 
hybrid mounts a laser diode 1 in the hybrid itself, contacts a 
thermistor a laser diode case and directly, and increases the efficiency 
of the temperature monitor of a laser diode 1. 

[0031] The armature-voltage control current source 4 and summing 
amplifier 5 drawing 2 show the armature-voltage control current source 4. 
The armature-voltage control current source 4 is the FET mold transistor 
28 of n channel extended mode. The electrical potential difference from 
the gate to the source, i. e. , Vgs, controls the current output of the 
FET mold transistor 28. The electrical potential difference of the gate 
of the FET mold transistor 28 is set up by the add operation amplifier 
29, and senses the electrical potential difference of the resistor 30 
upper part [ amplifier / 29 / add operation ]. 

[0032] the time of starting — a signal (VI0 REF) — 32 is the only 
input to the addition node 31 of the add operation amplifier 29, it is 
adjusted so that the sag of a resistor 30 may be set as zero, therefore 
a current does not flow in the current source FET. a signal (VI0 REF) — 
32 negates the input-offset-voltage effectiveness from the various 
inputs to the add operation amplifier 29, further, sets up the negative 
electrical potential difference of -8. 1 volts in the joint between the 
FET mold transistor 28 and a resistor 30, and sets a current output as 
0mA. 

[0033] the analog signal (THR DAC) to the addition node 31 of the add 
operation amplifier 29 — the input of 20 is used for pulling up the 
laser power of a laser diode 1 on the threshold level of 0. 5mW. the 
analog signal (LIN DAC) to the addition node 31 of the add operation 



amplifier 29 — the input of 21 is used for changing laser power between 

0. 5 and 4. 5mW. A signal (APC FEEDBACK) 33 is used for stabilizing the 
source from the transimpedance amplifier 6 of laser power and the back 
facet photo diode 2 of drawing 1 . 

[0034] The crowbar switch 14 and power monitor drawing 2 show the detail 
of the crowbar switch 14 of drawing 1 further. The crowbar switch 14 is 
the FET mold transistor 34 of p channel extended mode. It must be lower 
than the armature-voltage control current source 4 in the ground 
potential which the gate of the FET mold transistor 34 makes the FET 
mold transistor 34 operating state in the indicated example, and closes 
the crowbar switch 14 2 volts. 

[0035] the power holding circuit 35 used for holding the power to the 
crowbar switch 14 at the time of power down — diode 36, a resistor 37, 
diode 38, the current pass resistor 39, a capacitor 40, the current pass 
resistor 41, and diode 42 — since — it changes. At the time of power- 
up, it stores electricity a capacitor 40 through the current pass 
resistor 39, diode 38, and diode 36. The power sequencer 130 ( drawing 
10 ) is preceded with VDD=+12 volt, and makes VBB=-12 bolt operating 
state certainly. Thereby, it stores electricity a capacitor 40 
completely. At the time of power down, the reverse bias of the diode 36 
is carried out, it falls to 0 volt, isolates the crowbar node 43 from 
VBB, and connects it to a capacitor 40. A capacitor 40 discharges slowly 
to touch-down through the current pass resistor 41, diode 42, and a 
resistor 44. By this, the crowbar switch 14 protects laser for a laser 
current from the part sink during after [ lowering of electric power ] 

1. 5 seconds, and a power down transient. 

[0036] Drawing 3 shows the crowbar drive circuit 45. The crowbar drive 
circuit 45 was designed so that power might be supplied and it might 
operate. When a crowbar 46 is a high impedance and is VBB=-12 volt in 
drawing 2 , the gate to the source electrical potential difference of 
the FET mold transistor 34 is -11.3 volts. The FET mold transistor 34 
will be in operating state, and a laser current is shunted by the 
crowbar FET 34. In the crowbar drive circuit 45 shown in drawing 2 , the 
output of the gate 48 drives the base of a transistor 49, and switches 
the output of a transistor 49 with a high impedance or a reference 
output [ 50 ] (LPM 5V REF) of 5 volts in between. When the difference of 
50 (LPM 5V REF) is 0. 7 volts or less, as for a transistor 49, it is 
intercepted, and as for the output, the output of the gate 48 will be in 
a high impedance condition, the gate 48 — the time of power-up — a 
signal (BRD RESET) — 19 and (SLOW START) 25 — yes, it can be alike and 
can pull up. A signal (SLOW START) 25 becomes low for 0. 5 seconds after 



VDD= 12 volt. As for the gates 48 and 51, it is desirable that it is a 
FACT technique, and being able to operate by the low battery which is 
about 2. 0 volts, and having an output with the supply voltage of less 
than 0. 1 volts to a high signal is guaranteed. The gate 48 operates by 
50 (LPM 5V REF), and keeps the electrical potential difference from the 
base of a transistor 49 to an emitter at -0. 1 volts. This electrical 
potential difference is very lower than 0. 7 volts required to operate a 
transistor 49, and maintains the emitter of a transistor 49 at a high 
impedance condition. 

[0037] The electric power supply monitor circuit 16 of drawing 3 carries 
out the monitor of the forward electric power supply VDD, and generates 
digital signals (SLOW START) 25 and (PWR RESET) 26. The electric power 
supply monitor circuit 16 has the dividing network containing a 
transistor 52. A transistor 52 has the base connected to the joint of 
the resistors 53 and 54 between VDD and touch-down, the collector 
connected to VDD by the resistor 55, and the emitter connected to touch- 
down by the resistor 56. A resistor 61 and a capacitor 57 form the delay 
circuit for low-battery sensing circuit 59. The low-battery sensing 
circuits 59 and 60 sense whether the VDD electrical potential difference 
is over the value set up beforehand, respectively. During the delay 
which is determined by the time amount constant of a resistor 61 and a 
capacitor 57 and which was set up beforehand, the low-battery sensing 
circuit 59 senses a low battery, and generates a signal (SLOW START). It 
is a signa 1 (PWR RESET), without being delayed through D flip-flop 47, 
when the low-battery sensing circuit 60 has sensed the low battery. It 
generates. As for these signals, both sides drive the crowbar switch 14. 
The low-battery sensing circuit 59 is used for having delay and carrying 
out the crowbar of the laser at the time of power-up. The low-battery 
sensing circuit 60 detects the fall of Power VDD immediately, and is 
used for carrying out the crowbar of the laser with delay at the time of 
power-up. 

[0038] A signal (SLOW START) 25 becomes [ power ] a high the stable back 
for 0. 5 more seconds, a signal (BRD RESET) — 19 is emitted by software, 
removes crowbar splitting, and operates a laser diode 1. (into low) the 
signal of others which carry out splitting of the laser current by the 
crowbar FET 34 when set up — a signal (LASER OUT TEMP) 24 and a signal 
(PWR RESET) — 26 and a signal (LASER OVERPOWER) — it is 23. A laser 
diode 1 is more expensive than a desirable temperature requirement, or 
when it becomes the temperature judged to be low, a signal (LASER OUT 
TEMP) 24 is set up. In the state of an elevated temperature, degradation 
of a laser diode is caused and it becomes the cause of dew condensation 



on laser at low temperature. It may be shown in the state of low 
temperature that connection with a thermistor was cut, and by the 
negative temperature coefficient, it becomes the cause of heating of 
laser, and the abnormalities in temperature are caused and it can become 
the cause of damage of a laser diode, if the forward electric power 
supply VDD declines 10% from 12 volts — a signal (POWER RESET) — 26 is 
set up and the crowbar of the laser is carried out. When it is shown 
that the current feedback from photo diode is higher than the maximum 
power level which laser power set up beforehand, it is a signal (LASER 
OVERPOWER). It is set up. 

[0039] Threshold level actuation drawing 1 , and 5 and 6 are explained. 
The threshold level clock 70 contains a timer 71 (for example, NE555). 
three digital signals (LAS AT TH) which a timer 71 has in a high 
condition — it drives by all of 22, 25 (SLOW START) (LIN THR SEL), and 
17. in normal operation, a signal (SLOW START) 25 makes it a low for 
back 1 second by which power was stabilized — having — a signal (LAS 
AT THR) 22 and a signal (LIN THR SEL) — 17 — the time of power-up — 
hardware — yes, it is alike and is set up. software — a signal (LIN 
THR SEL) — when writing in 17 highly, a laser diode 1 reaches a 
threshold level condition, and vibration of the threshold level clock 70 
is attained until a signal (LAS AT THR) 22 is set as a low and suspends 
a threshold level clock. 

[0040] The threshold level clock 70 carries out the clock of the 
threshold level counter 72. The threshold level counter 72 is 
initialized at the time of power-up, and subsequently to a low, it 
counts from 000 to FFF (hexadecimal) until a signal (LAS AT THR) 22 is 
set up and stopped. The threshold level counters 72 are 12 bit counters 
containing continuation mold 4 bit counters 73, 74, and 75. 
[0041] 12-bit digitized output (THR D) 76 (0:11) of the threshold level 
counter 72 is latched by the 12-bit latch 77. Latch' s 77 output is used 
as an input to the 12-bit threshold level digital-to-analog-conversion 
machine 8 ( drawing 5 ). an analog voltage input (THR DAC) of as opposed 
to [ the output of threshold level DAC 8 is changed by the 
transimpedance amplifier 7, and ] a summing amplifier 5 — 20 is 
supplied and the armature-voltage control current source 4 is driven. 
[0042] Straight-line actuation next drawing 1 , and 4 are explained. 12- 
bit digital data (APC D) 78 (0:11) is an input to the HI-Z input latch 
79. this latched data (BUF APC. D) — 80 (0:11) — a linear DAC 12 and 
its transimpedance amplifier 11 — an analog signal (LIN DAC) — it is 
changed into 21. 

[0043] The straight-line motion of a laser diode 1 is in the range from 



the minimum power of threshold power to maximum electric power. 
[0044] Drawing 1 and 8 are explained to LAS_AT_THR22 and the 13th 
overlaser power detector. Elantec A high-speed comparator 81 like EL2252 
component is used, and a signal (APC FEEDBACK) 33 is compared with 
reference voltage. 

[0045] the case where a signal (APC FEEDBACK) 33 is 4.85 volts or more 
of 4. 85mW of for example, laser power — a digital signal (LASER 
OVERPOWER) — 23 is set up (into low), a signal (LASER OVERPOWER) — 
assignment of 23 arranges the shunt of the crowbar switch 14 to a laser 
diode 1, and is used for protecting a laser diode 1 from an excess of 
5. OmW maximum electric power. 

[0046] If a signal (APC FEEDBACK) 33 becomes 3. 0 volts or more of 0. 5mW 
of laser power by the gain of +6 obtained by the amplifier 82, a digital 
signal (LASER AT THR) 22 will be set up (into low). If specified LASER 
AT THR22 stops the threshold level clock 70 and the threshold level 
counter 72, the value of the last of the threshold level counter 72 will 
be latched to threshold level DAC 8, and a laser diode 1 will be held to 
threshold power. 

[0047] Laser diode temperature monitor 15 drawing 1 and 9 are explained. 
In drawing 9 , amplifier 85 is used for amplifying the difference of a 
resistance and the resistor 86 of a thermistor 3, i. e. , a reference 
resistor. The error voltage used for driving the thermoelectric-cooling 
machine (TEC) 87 by this is generated. The thermoelectric-cooling 
machine (TEC) 87 heats or cools a laser diode 1. The laser diode 
temperature monitor 15 ( drawing 1 ) includes operational amplifiers 88 
and 89 and the circuit which accompanies each, or [ whether this circuit 
operates as a window comparator and its laser diode 1 is more expensive 
than 25 degreeC, or / being low ] — judging — a suitable signal 
(LASERUNDERTEMP) — 90 or (LASER 0VERTEMP) 91 are specified. These 
signals 90 and 91 can be impressed by the crowbar switch 14 to a laser 
diode 1, and prevent temperature damage. When connection is unsuitable, 
it becomes open-circuit system to a negative temperature coefficient, 
and a thermistor 3 will be in a low-temperature condition, and will make 
the greatest heat applied to a laser diode 1 by TEC87 ( drawing 9 ). The 
effectiveness of the back facet photo diode 2 is reduced by this, and 
the exaggerated drive of the laser diode 1 is carried out by the laser 
power servo loop. In the state of another side, a thermistor 3 is short- 
circuited, it is cooled to the point of dewing on a laser diode 1, and a 
laser diode 1 causes optical contamination. 

[0048] Power sequencer drawing 1 and 10 are explained. Drawing 10 shows 
the power sequencer 130. the power sequencer 130 — the input forward 



electrical potential difference (SW P15V) of +15 volts — 92 and the 
input negative electrical potential difference (SW N15V) of -15 volts — 
before carrying out the monitor of 93 and impressing power to a laser 
drive circuit, it judges that these sum totals are less than 2 volts to 
30 volts of the total voltage drop. Only the forward up one half of a 
power sequencer [ as opposed to VDD 12 volts ] is explained for 
explanation. Lower one half serves as an enantiomer of this (however, 
the corresponding diodes 98 and 104 are removed about the negative 12- 
volt supply VBB). Before impressing signals 92 and 93 to the power 
sequencer 30, they are filtered with filters 94 and 95. 
[0049] Only when the 28-volt zener diode 96 is used and supply voltage 
amounts to about **15 volts, the means which carries out the monitor of 
the power is based on making it descend at least 28-volt **1% among **15 
volts so that it may become sufficiently large that the base-emitter 
electrical potential difference of a transistor 97 turns ON a transistor 
97. Although diode 98 is used in a VDD circuit, in a VBB circuit, it is 
not used but prevents certainly that VDD serves as ON between ON of VBB 
by zener diode 96 and 1% tolerance of 96' . If a transistor 97 is turned 
on, a current will flow to a collector through a resistor 99, 100. By 
this, the electrical potential difference of a resistor 99 is fully 
dropped, and a transistor 101 is turned ON. Time delay is formed of the 
time amount constant of a resistor 102 and a capacitor 103. By this, 
before VDD starts, delay for 12 seconds is performed after **15-volt 
stabilization. An electric power supply declines between this delay, and 
diode 104 supplies pass, discharges a capacitor 103 quickly, and ends 
time delay. 

[0050] It has 1/10 of the time amount constants of VDD, VBB starts first, 
and, subsequently VDD puts the power sequence over VBB into operation. 
Since a laser protection network is energized by VBB, this power is 
impressed first. 

[0051] Drawing 7 shows the transimpedance amplifier 6 of the back facet 
photo diode 2. it illustrated — as — the signal (PH0T0DI0DE) 105 and 
the negative reference sign (N 8. 1VREF) from photo diode 2 — 106 is 
impressed to the operational amplifiers 107 and 108 connected to 
juxtaposition, respectively. The output of operational amplifiers 107 
and 108 is an input to an operational amplifier 109, and the output of 
an operational amplifier 109 is a signal (APC FEEDBACK). This signal has 
the output of 1 volt [/mW ] laser power. 

[0052] This invention has an application in a laser image system like a 

laser diode printer. 

[0053] 



[Effect of the Invention] By the image equipment of this invention, 
fixed laser output power is set up and maintained automatically, and it 
becomes possible from the transient-voltage spike in excessive power, an 
elevated temperature and low temperature, a power-up condition, and a 
powered down state, and a transient-current spike to protect a laser 
diode. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the laser diode protection 
network of this invention. 

[Drawing 2] It is the block diagram of the armature-voltage control 
current source 4 of this invention shown in drawing 1 , a summing 
amplifier 5, and the crowbar switch 14. 

[Drawing 3] It is the block diagram of the crowbar drive circuit 45 of 
this invention. 

[Drawing 4] It is the block diagram of conversion by the transimpedance 
amplifier 11 shown in drawing 1 of this invention. 

[Drawing 5] It is the block diagram of the threshold level actuation by 
the transimpedance amplifier 7 shown in drawing 1 of this invention. 
[Drawing 6] It is the block diagram of the threshold level actuation by 
the transimpedance amplifier 7 shown in drawing 1 of this invention. 
[Drawing 7] It is the block diagram of the transimpedance amplifier 6 of 
the back facet photo diode 2 shown in drawing 1 of this invention. 
[Drawing 8] It is the block diagram of the overlaser power detector 13 
shown in drawing 1 of this invention. 

[Drawing 9] It is the block diagram of the laser diode temperature 
monitor 15 shown in drawing 1 of this invention. 



[Drawing 10] It is the block diagram of the power sequencer 130 shown in 
drawing 1 of this invention. 

[Drawing 11] It is the graphical representation of a laser diode 
performance curve. In this drawing, a radiant power output P is the 
function of the current I of a laser diode. 

[Drawing 12] It is the block diagram of a laser diode and the image 
system incorporating the example of the laser control circuit of this 
invention. 

[Description of Notations] 

1 Laser Diode 

2 Back Facet Photo Diode 

3 Thermistor 

4 Armature-voltage Control Current Source (Electric Power Supply Means) 

5 Summing Amplifier (Amp) 

13 OverLaser Power Detector (Laser Beam Output Monitor Means) 

14 Crowbar Switch (Low Impedance Switch, Shunt Pathway Means) 

15 Laser Diode Temperature Monitor (Temperature Monitor Means) 

16 Electric Power Supply Monitor (Electric Power Supply Monitor Means) 
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*gSnfel/-if^-f^-F 1 £ A -y? 7 7 -fey F*F 20 
V-i*- F 2 coifijt^J:#T&BSfcg#«H#*?S£-r 
So £©±5&a£±#^y^X7izy F*F^* 
-F 2C9»SiTSt, "&^r^yi?7T±v F*F 

-Wt-FlRtf/tyf^r-fey F * F ^-T :t- F 

*©*-9-f^;HcJ:D, L— tr^-fa--}* 1 50 
&|$©JgHi:&S. 
[0 0 2 6] u— ?fii^:«**tH8l l 3 K, &^Ci6 
KJfebfcW— tf^-f a- F 1 oS*if^fi*ioK 

WMtfi&V&k* >^;MB^ (LASER OVERPOWER) 2 

4 ssdft^-fch k-tfy-f a— f i ifim.«Rxmn<DM 

[0 0 2 7] ^Ttt. *^H^COa»«^#J« (A PC) 

[0 0 2 8] W— If ^- F 1 Rtm -y^77tyh 
frF^-f^- F2 

tf^-f a— F 1 te. 5mW, 6 7 0 nm 

<DV— W-i*— FT&S. EUxSO^-f*— Htt, ffi 
©y-l" F (££*.£, *fl-F— tf^-fa- F) fcJt 

[0 0 2 9] if^-fa-— F 1 fctt. Kyl?7T*.v 
F^F^a-F2dt^snT45f3. V?**— 



4WP6- 2 2 7 0 3 6 

5 

[0 0 3 0] -y— 3X^3 

tf©fiaftt-y— sxy 3i:±oT^sn«. u- 
-5x^3 ts/w 7 u v f fcussnr V> 5 ©aw S L 

FS«MLTt73-^ SffiJitC 9 X * 'J -n 
>y$nTViSo iJ— 5X?H, H^l^X^ttftfUT 

&s„ iffissvyx^n siffijii^BKtC'Ka-rs© 

fcffiffl^flSo A-f 7V v Ftt, tf^-f F 1 & 
A-f ^J? FSttfcSggU U— 3X*fcl'— Ify-f* 
- F v— X tBgg«$-tir. tf a— F 1 ©S« 

[0031] SffgfflgMVr^. 4 RtWjp 5 
H2«. ttffiM««sgv-x4**LTVis„ nmfflw 

tiV-X4lt fctiUi. n^^^;H£!g*-F©F 
ETIF5>yX^2 8 So y— F*»ev— X'MD 
Sm, tto^Vgslt FETih7>^2 8«) 
««Effl**tt«-r«. FETlh7>-W28©y- 
F©«EEtt, JpJ|C!SaMMH«2 9fc«fc-3Ta8je*n, JD 
*ft)MHg»2 9lt ffifitS3 0±*©«JES®»t- 

So 

[0 0 3 2] jBtWStCtt, fS^(VI0 REF) 3 2«ttP3Mt 

©iiii^2 9©iraisy-F3 1 ^©m-© atj-?& o . 

LfcatoT. «S5V-XFETfc«SM^«Stl^Vi. -ft 

^(vio ref) 3 2it m#<DAj]&*>Mwm&mm&2 

ETIh7>yX^2 8 t^tagg3 0 W©S-&g|5fc^V^ 

U «JtttH**0mAfcK3fef S. 
[0 0 3 3] JnHJgJf if KS 2 9 ©jq*/- F 3 1 -.© 
7y-D^«^(THR DAC) 2 0©A*lt !f^-f*- 
F 1 ©W— tf«7j&, fc<hAtf0. 5mWt^ftLt 

2 9©Jn#/— F3 l^v©T^a^ffi#(LIN DAC) 2 1 
©A*tt> tf«*&> fctAfiO. 5t4. 5mW 
ffliTSit^-tliCOtCftfflSnS. M^(APC FEEDBACK) 

3 311 V— tf«*t, Hl©/^?7rty F*F^ 
•f ^- F 2 © F 5 >X-f > tf-y >X^*I§§ 6 * 50V 

-x setters © c&ffl 2 ns o 

[0 0 3 4] ^P-AX-fyfHR^S^^ 
I2lt $6lC01©^D-/\ e X-f >y^l 4©S¥ifflS:* 
LTV^So ^0-/W7f 14ti p^V^HES^E 
-h , OFETlh7>^3 4T*4. gBi£bfc^JT 
tt, FETih5>^?3 4©y-HJ > FETi F 
7>yX?3 4Sr»^S6fcL, ?n-/U-<yf 14 

D 2#^Ffl£<fctfft«&&&V\ > 
[0 0 3 5] ;w-^>e©i'a-/W7?i 4^ 



-295- 



(6) 

9 

mMA°XffiirLg§3 9£, W>?4 0t, SSEAXg 

F 3 8 H 3 6 ft^lTWSftS. 

tr>V-l 3 0 (010) tt, VDD = + 1 2^)Vb 
tC^frLT, VBB = -12*l/hS**tlMIt 

3^6B»l/T, ^t/^4 0l:8«n. 4^a°>^ 
4 0tt««^Xffitrt«4 1 t^-f *-H4 2 tffitt^4 

T, ^D-AX-f^f 14ii 1f««ft«*fiT« 
[0 0 3 6] a 3 tt, ?a-;iliB»4 5SSbT^ 

£\ F E TS h 7 3 4 OV-X«Efc»tSy 

-MJ-11. 3^;i/hT*^ 0 FETlb7>yX^ 

3 4\tmftwmtfcr), ^d-a*fet3 4ecj:ot^ 
-if n*. H2jci*sn&^n— 

K4 5t6^ y-h4 8©a*tt, h^>^X^4 

\£-y>ttit\z5tf)Vb<D&mmj3(Lm sv red 5 0 

tOQiBreiW y— h4 8©fH^j3&t(tpy 5V REF) 

9 4 9 jsatiKan, ^om^tts^ >tf-^>xtt^£ ^ 

y-h4 8H Ay-7^^B#fC«-^(BRD RESE 
T) 1 9 ft (SLOW START) 2 5 fcioTA-ffcSltitf 
S>ft£o fg-^(SL0W START) 2 5 tt, VDD=1 2 h 
fiiao. 5#IHffi<fc£o y-h4 8®:tf5 1 tt, FA 
CTS*T*Sr^!fSl/<, 2. o^;i/hS*«ffi 
«ET»fpBrtBT?, iSfi^tC^LTO. l#;PhJKl*gcD 

4 8tt(LPM 5V REF) 5 0 \Z cfcoTl^^tl, h7>yX 
^4 9 Xrt>£>X^ y5"\CO®££ - 0. l3R;l/h 
IC§O 0 £G>«JEtt, h^>>>X^4 9&W)ft?Z><D\Z 40 

[0 0 3 7] 0 3 0**««&^r:^|HKl 6 tt, lEOS 
#«Jl&VDD*;Er:*U x^^^;l/f9^(SL0W START) 
2 5fttf(PWR RESET) 2 6 ££l£T£ 0 
0?&16tt, b?>¥X?5 2fr&tf$HAI0lfre*LT 
Vs«. h7>v ! X?5 2(t VDDRW»»m©ffiit« 

5 3Stf 5 4<DSf^«fcS«Sn«:^-Xt, ffittgl 5 
5K±otVDDC«Uanfc3l/?^t, fifii^5 6 



#BB¥ 6-227036 

If 

n-eru vDD«£E)8«*6*i;a6«sati&«[S*iAT 
sow, ffi«£A»BK5 9«, <k«jbe*s«iu e^- 

(SLOW START) S^TSc ffimffiK£aHIg§ 6 0 **ffi«flE 
&«$Hb&*£\ D7'J7^7D7^47S^U 
T£;i£&<, fl^(PWR RESET) StStSo Z.tit>(D 

i*D-/tts©fcttfflSft5. <smi±^fti[ms§6 0 

tt, «*VDD©«T*»*KIWIIU /W-7y^f 
fciBI* bt if * # a — /tr * cd fcflSffl s ti£ <, 

[0 0 3 8] «*fltaSfc0. 5»MftST»«», S 
-^(SLOW START) 2 5dVWfcft5o M^(BRD RESET) 1 

SU l'— Ifi^*— F l&ft^S'&^o (a-t) « 
ftSn&»&te\ ?D-AFET3 4tctoTl/-1fi 
«E*»SIEr«*0«a)«*tt, (LASER OUT TEMP) 2 
4 £ff^(PWR RESET) 2 6 tfm (LASER OVERPOWER) 2 

ojsvi*^ »*Vittffi^tw»fanafijti&o&« 

£\ fif-^ (LASER OUT TEMP) 2 4a*RjtSn3. KfittJi 
Ttt, If^-f t-PO^ftSfflt* ffllTfttV-if 
±<»*£g<£MH<h&£o fl£fitttlTtt, ^X3"\co 

feVDD*Sl2^h*&10%ffirt-5i:, M^t(P0W 
ER RESET) 2 eaiBBfrStt, if P— /IT*. * 

LTV>5»&\ fjf-^ (LASER OVERPOWER) d«KJfrSn*. 
[0 0 3 9] XV-y^g;VP»f^ 

^7 011 ^77 1 GfcijfcttNE 5 5 5) *^tf« 

AS AT TH) 2 2, (SLOW START) 2 5, (LIN THR SEL) 1 

7©t^tl:J;oTIBIiSn5. »*©aMFT?tt, 

(SLOW START) 2 5*^ t*^SSSnfe«l»fflU-fc 
SfU f3^t(LAS AT THR) 2 2RtflrSf (LIN THR SEL) 1 
7 tt, ^Pf \Z A- F^xTtio TA-Y 

^2n#o 77 h^xT^fg-^aiN THR SEL) 17^ 
<»*att«#, X^^ya^F^Dy^7 0H 
If ^ H 1 ^'>3*H JRJBfcJi l>, «^ (LAS 
AT THR) 2 2#D — KSjean, XUyz/3)lb?Uy 

[0 0 4 0] 7sVy*sB)VY9Uy?l Ott, Xl/^y 
h;UH* t >>^7 2*!>Dym. Xl^y^a;H«* 
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(7) 

11 

fi-^(LAS AT THR) 2 2 38«D-KW6anTffjhan** 
T\ 0 0 0*5FFF (16it») £T£#^>h*r 

4tfyh#^>^7 3, 7 4, 7 5S<&tTl 2fcf^h* 

[0 0 4 1] ^l/^>a^H*»)>^7 2012i;yh 
5V S^;HH*(TBR D) (0:11) 7 6H 1 2 tfy 
h©7yf 7 7l:ioT5yf3nSo 7yf7 7®(fl 

1 2 t£y h0XVy^3^HrY^;P7tnif 10 

**«8 (as) ^(DAtitvxmmznzo xwv 

aJl/HDAC 8<0ttHjHU h ^>X-T >tf-^>X«* 

«EA*(THRnAC) 2 0»U «EWf»««V-X 
4 

[0 0 4 2] aggfg 
*KlBlR»4lC^^T|»frr-6. 12Hyhr^^ 
;^-^(APC D) (0:11) 7 8lt HI -ZA*7 

APC.D) (0:11) 8 0(t U^7DAC12«© ^? 

^(lin dac) 2 nc^sian^o 

[0 0 4 3] V— If^-f^-H KDItiRftfPtt. L*H 
[0 0 4 4] L A S AT THR 2 2 g jj^ 

m^mgg 1 3 

*fcHiatf8K:^TR9!-r«. El an tec E 
L 2 2 5 2 n>#— *>KDJ:5a:jflsajt*i*8 
ffl^n. H^(APC FEEDBACK) 3 3 S#fl8«ffitJt«T 

[0 0 4 5] «*f(APC FEEDBACK) 3 3^ fth%-HU— 
*fmtl<D4. 8 5mWfflSC04. 8 5 3jvfchflLbT?*5 
"r>(V#)V^ (LASER OVERPOWER) 2 3^ (D — 
fc) KSSn*. S# (LASER OVERPOWER) 2 3 £>fg^ 

[0 0 4 6] (APC FEEDBACK) 3 3 jfo iftggg 8 2 fc 
±t>T#6*lS+6<03pJ#fcctO, V-lfS^COO. 5 

(LASER AT THR) 2 2^ (D — \Z) t^£frl£o JtS*ft 
LASER AT THR 2 2ifl7sVvi/a)VY!?Uy9 1 0 £X 
Vy>a*H*^7 2£#itT3<^ XWyaJl^ 
7 2C0S«©ffl[*tXl/y->3;l/HDAC8K 

•So 

[0 0 4 7] tf^^-HMg^-^ 1 5 



2 2 7 0 3 6 

12 

t, mmftmw, (tec) 8 7 swft-raofcttfflsn 

•5*Ut«£ft£Ar«. HR«?&«I«I (TEC) 8 7il 
tf^-f H 1 SJpafcS&HJIMIf *. k— *f 94 
KfiSt^l5 (01) fifc «»iiitg§§8 8RI^ 

8 9t. *n-enfc#Hrr*@»*^tr. ^nnsi*** 

ERUNDERTEMP) 9 0 I; fete (LASER OVERTEMP) 9 1 £JtS 

fc*j-T5 ? p-Ax-f i 4 trTOa-fs c t*^|g 

t&O. TEC 8 7 (09) IrJcoT, gACDfjSk- 

F*h^:t-F2©8!)^£{gM£-ti\ 
■9— #*—^IC *ra T If y-Y F 1 fc*W« F 7 

sn, tfy-r =*- f 1 1±, tf^-r f i ±tc 
asm? z> jtuwiss^iSiBt-. 

[0 0 4 8] ^v—^r>1j- 

HlRtfl 0 \z-z>^xmWTZ>o HlOlt miis—ir 
>fl3 OS^LT^S. ^r>U-l 3 0B, + 

1 5 3p;i/hCDA*IE*JE(SW P15V) 9 2M~ 1 5tf)V 
h®A^ft«£E(Sf N15V) gSt&t^U L— iffg 

»f-rs. ij^^rc©. iecdi 2jtf;n-vDDc*rrs* 

f&VBBfc^TtS, ^J6f H9 85^1 0 
4®i<) . W9 2, 9 311 tti/—tr>D-3 0 tC 

[0 0 4 9] 2 8 3j?;Phyx 

^— y-r t-F96 *®.m u mmmmmz&± 1 5 # 

;whf-Sb female©*, hv>>'X^9 7CD^-X- 
X5>y^mjBE^h^>vX^9 7 Z-tylZ-TZViz+ft 
A€<^^>«fc5. ± 1 5^)I/bCDP B T^^7i<<J: ; b2 8# 
1 JKfcTStf-SJiifcJ:*. ^*-H98ttV 
DDHIftTrllfflSnS**, VBB[MI?§T«fieffl$nT, 
7it-^t-K9 6, 9 6' ©lSSff*«fc«fc-3T 
VBB*t^->cr>ratCVDD*t^>tft:*©S?tSI(CBiEr± 
T5. h9>^X^9 T^t^CftSt, ffi»i3g9 9, 

Tffitt»9 9®«ES-HM=TI*a*. 

0 1 **->fcTS. fifiiSgl 0 2Rtf+WV>* 1 0 3 
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(8) 
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13 



14 



o 3 ssatcjutu mmjam&mTT&o 

[0 0 5 0] VBBl:^t5iA->-^r>XH, VDD 
© 1 0#© 1 ©WWUtBSWU VBB3&S*iat'5&» 

[0 0 5 1] 0 7fi. /t-7^77t7 h^h^-f^-F 
2©h9>X-f >fcf-^>X*ii|iS^6Sr^LT^« 0 0 
^ l> J; 5 IZ, * f- ^-f ;f- K 2 ^ S ©f§-^ (PH0T0DI0D 
E) 1 0 5StfftO#if^(N 8.1VREF) 10 6^ ^tl 10 

^en> MM(cs^sn/tm#*iiti§i 1 o 7ms 1 o 8 \z 
Mmsns. smtifi^i o 7&m o 8©m*«Sff 
mmm 1 o 9 ^©A;>m mn-m^ 1 0 9 ©tu^i4« 

*§(APC FEEDBACK) TcfcS. £©{§^(i, 1 # 

;i/ h /mW® U-if mil (Dtiijj S^f 5 o 
[0 0 5 2] *¥ZWU, V-W-t*- F^'J>^©± 

[0 0 5 3] 

[5ffl©««] *^BJ©H^SB(C<fcl5, -S©k— 9 s 

ffi*«^^gft«{c^&^««r3n, m±mt>, mm. 20 
•y^-f a— h ^ 2: t imm t a s . 

[El] *»lfl©W— ff^-f*-H««ia»©^ny^ 

[E2] El JC*bfc*5!W©*JEEMW«iiV-X 4 , 
])U%mmM 5 , ^P-AX-f y^l 4©t/P-y;>0'C 1 & 

[03] #fS9!©#p— /tJK»lin&4 5ffi^n«^B"!? 30 
[04] *fgsji©01 fc*Lfch5>X-f >lf-^>X 



[0 5] ^ffflll fc^L-fch5->X-1'>b°-^>X 

[06] *J8H©HllC^bfch5>X< >tf-^>X 

[07] #fg?H©01 l:SL&/t5»^77ty h*h^ 
-f F 2 © f* 5 >X-T >tf-^>X*itM§g 6 ©^n v 

^0Tab§o 

[0 8] *5sw»Hifc*L&w-ifia**73ttua}i 

3©^ r Dy^0T?&S. 

[09] *3m<Dmi\zmi,tz.v— Hja*^ 

1 5©^ny^0T3b^>. 

[010] *»we!>Hi^ly&«*^~ir>U-i 3 o 

[011] V9<i-t— FIMPiMRO^^Ht?* 

i ©Mfc-c**, 
[012] V— *f?-i*- Kfc*»9!©V— tffWWlelft 
©HSfi^SiSa*^fc*H«>'X7 : -A©^Dy^0-7?« 

[^©Iffiw] 

1 W-Y^— H 
3 

4 mj±M«s»sy-x 

5 ajgiilS^ (amp) 

1 3 k— !fa^:«^ttm* iv— if^m^*-^^ 

K) 

14 ^n-zWyf (ig-f >fcf— ^>XX-f7f> 

1 6 (tt&ftl&^^K) 



[02] 



21 



_-UN.DftC { 



THR.DAC f 20 



VIO-REF l 32 



APCJFEEDBACK 

' 
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[HI] 
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(11) 



#M§¥6- 2 2 7 0 3 6 



[04] 



[06] 



APCJXQIU 



78 



Hl-z 






A* 


BUF.APCLU(OII) 


1 


i -7 1 


\ 

80 



79 



-LAS-AT-THR 



~THR.CLK 



I 12 SLOW-START 

, i ^ 

mm \ L- D~ J 

— r — 1 

LIN. DAG 70^ 71 

—21 











4 





THR.D 



\IO:ll)V 
12 76» 



[05] 









6 




r 






THR.0(OMri 




BUETHRXIfOrllJ 
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(12) 



#P?B¥6- 2 2 7 0 3 6 



5VREF 



3V 



«5V 



AFC, FEEDBACK 



33 



IN1+ 

INV it 



OUT1 



iN2- a 

IN2* 



0UT2 



:h9] 



^ LAS-OVERPOWER 

V 



23 



D^'Jy^ I^LAS-ATLTHR 
22 




,87 



TEC 



LASER-UN DERTEMP 

1 

90 



L ASER- OVERTEMF 
\ 
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If4 
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110 



ISO 

L_ 

U— If 



1 



122 
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a > h a— 5 



.126 
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